The Near
Supernova Factory
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Uncertainty & Bias

Kowalski et al. 2008 (SCP)

Source common (mag) | sample-dependent (mag)

SOURCES OF INCREASED £t DISPERSION

adzd correction -
Elm'?elldi“g o Contamination - 0.015
ocal plane S
Field-field zero point nghtcu]:"\‘e model N .
Image subtraction Zero point s 0.021
Subtotal (quadrature sum) Malmquist bias 0.020
Gravitational lensing Gravitational lensing - 0,008
Total (quadrature sum) Galactio i ‘ malizatio:

Total in mag AM = 0.040 AM,; =0.033

TABLE 7
PotentiaL Sources ofF Systematic Error oN THE MEASUREMENT OF w

Source dwidx Ax . Notes

s o ine obiect

O I L S s e e st O i 5 mag
Photometric zero-point differences in R, / /mag 0.02 mag
Zero-point offset between low and high =z /mag 0.02 mag
K-corrections S 0.01 mag
Filter passband structure /mag 0.001 mag
e AT s B R R B s Limag 0201 map
Host galaxy Ry {02/Ry 0.5 “glosz”
Host galaxy extinction treatment | Prior choice Different priors
Intrinsic color of SNe la 3/mag 0.02 mag Interacts strongly with prior
Malmquist bias/selection effects T 0.03 mag “glosz™
SN Ia evolution /mag 0.02 mag

378, 0.02
0.0

Subtotal w

Total . .
Joint ESSENCE+SNLS comparison - - X Photometric system
Joint ESSENCE+SNLS total




Peculiar Velocities & Bulk Flows

Tully et al 2008



Peculiar Velocities & Bulk Flows

Systematic floor (oge ~ o4, reached for:

20000 sgq deg and z < 0.03 and
18 SNe if o, ~ 0.10 mag or

int

48 SNe if o,, ~ 0.17 mag

20000 sgq deg and 0.03 <z < 0.08 and
165 SNe if o, ~ 0.10 mag or
500 SNe if o,; ~ 0.17 mag

rms error on M

Hui & Green 2006
0.03<z<0.08

104 2x10* 3x10* 4x104
area [sq. deg.]

Correctable? Perhaps.
e SFl++ good to 66 km/s (stat; Feldman & Watkins 2008)
» Must absorb galaxy calibration errors




The CfA “Hubble Bubble”
Bulk FlowB@lkbas® SN Colors?

Zehavi et al., 1998
Jha et al. 2007 - evidence even stronger

Conley et al 2007 - depends on color correction

“Drop” from

§H/ H (MLCS2k2)




Experimental Goals

Anchoring the Hubble Diagram
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Just a guess!

. with some “Rosetta Stone” supernovae thrown in:
SN2002cx, SN2002ic, SN2005gj, 03D3bb, SN2006D, SNF20070825-001




New Insights from Spectroscopy

Luminosity Indicators
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Tomography
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Goal: Library of Spectral Time Series
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Reality: Library of Spectral Time Series




A New Paradigm

e Search at low redshift just like at high redshift
* boost discovery rate
» wide-field, impartial to presence of an associated galaxy
« find better analogs to high-redshift environment
» find SNe at earlier lightcurve phase
e ability to simulate selection effects

e Fully integrate photometry and spectroscopy

e for photometry:
* eliminate K-corrections and S-corrections
* eliminate atmospheric dispersion degeneracies
* tie flux calibration to calibrated stars
« tackle dust extinction using more colors
* self-consistent treatment for all colors

* for spectroscopy:
» Spectroscopy for more SNe
» Time series of spectra for each SN
* properly subtract host galaxy light
e eliminate effects of slit losses and atmospheric dispersion




Nearby Search More Challenging

SNfaCtOFy: # Ceep High-z
50 Gb per night,

. Shallow Low-z B
every night /

Scheduled Follow-Up
Spectroscopy gives Redshift

SNLS/Essence:
5 Gb per night,
every 3rd night

Photometry gives SMNe |a Peak Brightness
and Lightcurve Width

fitre
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Palomar-QUEST for SN Search

QUEST Il Camera (Yale & Indiana HEP)
* 160 Megapixels
* 112 CCDs
» 2400 x 600 pixels @ 0.87 arcsec/pix
* 9.4 sq. deg
» 40 sec readout time

R T B B “"‘7"'“ : ;

1 Sl x § g A e ' . o 7 g
- Andromeda Galaxy (Mal) Palomar-Quest Yale Unive Flty 2003 Oct 15 i,

* 40% of telescope time

* Monitor 1 sr each lunation
e 27t Sr over 9 months

e 2 exposures over 1 hr

» 60s or 240s integrations
* RG610 filter

Baltay et al 2007




Search Operations

Running 24/7/220




9 million images so far!

Declination (degrees)

150 200 250
Right Ascension (degrees)

3-Day Pre-Max, 7-Day Running Average (0.03 < z < 0.08) Followup vs. discovery for 7 Month Search

— Purity 1.0 20% nights lost to bad weather
—— Purity 0.5
—— Purity 0.3
---- Search output

ontrol Time [sq. degree-days per day]

# SNe la Successfully Followed from 7 Month Search

Differential C

SAEL 50 75 100 125 150 175 200
- 2454200 # Good SNe la Discovered in 7 Month Search




Supernova Search Innovations

Classification method comparison

= = = = Original Threshold Cuts
Support Vector Machine
= = = Random Forest

* Machine learning techniques: Boosted Tre
* support vector machine (SVM) |
» boosted decision tree (BDT)
e 10x suppression of junk

False positive rate

e 1 day turn-around
o Efficiency measured with fakes

e Flag stagnant asteroid zone
. 0.2 0.4 0.6 0.8 1.0
° Warehouse True positive rate (signal efficiency)
® improved situational awareness

e Automated data-mining
» NASA Extragalactic Database
» Minor Planet Circular
* SDSS
* JAUC SNe




A New Paradigm

e Fully integrate photometry and spectroscopy

e for photometry:
* eliminate K-corrections and S-corrections
* eliminate atmospheric dispersion degeneracies
* tie flux calibration to calibrated stars
« tackle dust extinction using more colors
* self-consistent treatment for all colors

* for spectroscopy:
» Spectroscopy for more SNe
» Time series of spectra for each SN
* properly subtract host galaxy light
e eliminate effects of slit losses and atmospheric dispersion




What makes Photometry Hard?
The Atmosphere, for One

I(z,y. M\ 1) = [(SN(\, ) 8(x,y) + Sky(\. t) + Gal(x,y, \)) @ PSF(x,y, A, t) @ ADR(A, t)] e Tetm(A:8)1E)

sg_SE_table_comp_extinction

e Scatters/absorbs target light
* Molecular scattering
* Aerosol scattering
e Water vaper absorption
* O, and O4 (ozone) absorption
e clouds - H,0O vapor and ice crystals
e Refracts target light
 Mean refraction depends on position, wavelength and time
 RMS (seeing) depends on time, wavelength, and position
e Scatters and emits light
e Emits in atomic and molecular transitions (O, O,, OH)
o Scatters sunlight, moonlight, zodiacal and starlight




Simultaneous Lightcurves & Spectral

"Integral Fisld Unit" Spectrograph

Telescope Spectrograph Spectrograph
focal surface input otxtput #’;ﬁ_ﬂ'ﬂ""

Datacube

o ntectar ™

Spectral Time Series

Light Curves {in any "filtar")

M- 5 g hES)
a 5 a =




Schematic SNIFS Layout
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UH 2.2-m Telescope & Site

» Mauna Kea Site Properties
* known for excellent image quality
e atmospheric extinction the lowest
e atmospheric extinction the most stable
* slightly less differential refraction
* moonlit sky is darker

Mean optical depth
& scatter

» UH Telescope properties
 excellent stray-light baffling
» easy to swap in SNIFS
e imited thermal control
e telescope can get stuck
e dome can get stuck

Optical Depth

Observatory Altitude (meters)




SNIFS IFU Example

SNIFS direct image
of star cluster

Reconstructed

Fl' )/ IFU image
L




SNIFS Data Acquisition

* latin hypercube on airmass and spectral type

e check match screening
e photometric screening




SNIFS Data Acquisition Helpers

* Scheduler
e automated and/or custom adjustments
e rounds up digital finder charts
* ships schedule and charts from LBL to summit
e Datataking
» presents schedule
e target sky location
e results of quick data reduction
* homogenous evaluation of outcomes
e ATC - Automated Instrument Control
e executes high-level scripted sequences
e interlock against dome lights and Sun
* CrowBot9000

* lives in cyberspace (GAIM)

e alerts user to AIC events

e alerts user to twilight/need to refocus/proximity to Moon
e can be interogated about Sun, Moon, and standard stars
e can issue alert to on-call instrument specialist
 psychiatrist for bored or troubled shifter




Raw and Derived Data Products

. Photo- Flux
Product Science metricity Calibration

B &R
SN spectra

B &R
Std spectra

Muiltfilter
Image
Acquisition
Image
Guide star
\Vi[e[=Te

Set-up Star
image

v

Focus series

CFHT
Skyprobe




Not without a few Calamities!
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Search Sample Composition
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m Probable
0 Certain

SN Var#* AGN Roid Unknown



Spectroscopic Sample Composition
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Redshift

SDSS-SN
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Preliminary Type la Rates

Number of pre-max SNe la
per 1000 sqg. deg. per 6 month
0.03<z<0.08

SNfactory 6 month Monte Carlo Monte Carlo

total after correcting | simulated 6 month | simulated 6 months
for detection total using total using weighted
inefficiency SDSS-SN rates mean low-z rates

21.7 +/-3.8 | 29.2 +/-84 | 24.1 +/-2.5
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ealized: Library of Spectral Time
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SNF20070506-006, z=0.035 SN2005cf, z=0.006 SNF20060521-008, z=0.055 SNF20060621-015, z=0.058
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Can X-Check with Classical Photometry

reira thesis - using V-band acquisition images




Full Multi-Epoch Foreword Modeling

Galaxy Model Real Galaxy Image

N Datacubes Datacube
w/ SN w/o SN

 Regularize PSF, in wavelength

» Spatially regularize galaxy

* Spatially regularize PSF, < MLA support »
<4—MLA support+FWHM —»

A—>

time series
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Vg (offset and ranked by slope)

SNF20070714-007 SNF20070803-005

@ - SN 2004dt

Sep 06 K
SQP(I.\

Sep 13
Sep 16
Sep 23

velocity [10% km s-1]

Oct 03
QOct 03

AAPS]

: 3 -1 -
Velocity (10" kms ) days from B maximum

5900 6000 6100 6200 6300 6400 65
Wavelength

Most of ours are in the Hubble flow!
Childress et al 2008




log F, + Const.

Unburned Material Constrains
Explosion Mechanism

STI Sill

—7d

5800 6300 6800

+13d

4000

5000 6000 70
Rest Wavelength

00 8000 9000

SNfactory spectrum of
SN2006D shows first
clear evidence for
unburned material -
Carbon at photospheric
velocity.

Thomas et al. 2007



Discovery Ties SN la to Normal Stars

Relative Flux F A

r I AN T N T S T
3000 4000 5000 6000 7000 8000 9000

.

~
(@)

~
[

Restframe Wavelength (Angstroms)

Aldering et al. 2006

1 X-Ile_26 T T T T T
— — Normal SN template
1.2 — 1991T-like template -
N ® SN 2005gj SNIFS
= 1.0 = SN 2005g) NEAT/QUEST i
(2 . v SN 2002ic
< 0.8 Ei 7
1))
506 i 54 .
<
: £
i 0.4' ] —W 7
g ,{ - Y V¥ g
% 0.2 ~ T vV v A
> % T~ T~ ~
0042040 60 8 100
1 /‘IX—IIe-26 T T T T T
— — Normal SN template
1.2 — 1991T-like template -
= @ SN 2005gj SNIFS
T E SN2005gj] NEAT/QUEST
sz 1.G- ¢ SNIFS spectral decomposition 7
=
5 0.8 z _ .
& - e |
2 0.6r By 7
5 o
= 0.4+ 3 .
el
: .
< 0.2 /E NN e @ 7
o / = - _i"'———'"__t_':‘—--h_______
_m_.—'/ ! ! |_ ____TI_-__T__I
MG 20 40 60 80 100

Days since explosion



Environmental Clues and Constraints

First SN Ia age estimate: 200 +/— 70 Myr

Low metallicity:

less than 1/3 solar

1 T — T T 1 T ]
e SN2005¢gj Host .
s Model - ]
19 e
= _A .
g F —— o ]
é 20? ——#—=21 /‘// -
§ >1E — /" Red Template 3
< E L //‘/ g
- 200 Myr / .
2% %“' Starburst 7 E
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23: | 1 1 1 ] .//| 1 ] 1 1 1 | I I .
2000 4000 6000 8000 10000

Aldering et al. 2006

Observed Wavelength (Angstroms)



Environmental Clues and Constraints
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Environmental Clues and Constraints
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Summary

e To date we have 137 SNe la with a spectral time series.

e The SNIFS data pipeline is now producing lightcurves.

e \We already have a great set of SNe la on the Hubble diagram!

e Palomar search has been very productive.

e SNIFS provides a unigue and powerful capability.

e SNIFS follow-up is efficient & effective.

e Host galaxies studies underway offer complementary information.

e We've helped widen SN la parameter space
(CSM, carbon confusion, different progenitor channels, etc.).




